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The Issues of Carbon Sequestration
Francisco Mamani Pati, David Clay, and Gregg Carlson

Introduction

Soil C is vital for retaining water and nutrients. The amount of
C stored in the soil is influenced by past and present management
practices and by climate. Climate affects carbon sequestration by
modifying the length of time it takes to mineralize soil organic
C into CO2. Carbon fixation and organic-matter mineralization
increase with rainfall and temperature. Soil and climatic conditions
in South Dakota provide the opportunity to sequester a large
amount of C. Sequestering C via agricultural land has generated
worldwide interest due to the potential impact on both agricultural
productivity and atmospheric CO2 concentrations.

Many of the things that make
life comfortable (e.g., cars, furnaces,
air conditioners) require large amounts
of energy to manufacture and operate.
Most of this energy comes from coal and oil.
When fossil fuels like coal and oil are burned,
greenhouse gases, particularly carbon dioxide
(CO2), are released (fig. 1). Greenhouse gases have
been linked to global warming and increased climate
variability. Sequestering carbon (C) in soil has been
proposed as a technique to decrease atmospheric CO2
concentrations.

Table 1. Concentration of greenhouse gases
Present-day
concentration

Pre-1750
concentration

384 ppm

280 ppm

1731-1851 ppb

700 ppb

nitrous oxide (N2O)

320-321 ppb

270 ppb

trichlorofluoromethane (CCl3F)

244-247 ppt

0 ppt

Gas

Carbon sequestration is the capture and secure storage of
C by biotic (e.g., photosynthesis) and abiotic (e.g., injection
into geologic strata or ocean) processes. Carbon sequestration is
increased by adopting no-tillage practices and by increasing CO2
fixation through photosynthesis (Chisholm et al. 2001; Lal 2004).
No-tillage increases carbon sequestration by slowing the rate that
organic C is converted through mineralization back into CO2.
Storing C in soil can have the added benefit of increasing the soil’s
long-term productivity.

carbon dioxide (CO2)
methane (CH4)

ppm = parts per million; ppb = parts per billon; ppt = parts per trillion.
The increase in CO2 concentration in 2003 was 3 ppm.
(Modified from http://cdiac.ornl.gov/pns/current_ghg.html, accessed Oct.
2008)

Figure 1. A simplified carbon cycle, showing carbon release and
capture through photosynthesis

Are greenhouse gases changing our climate?

The greenhouse gases that wrap around our planet help
regulate Earth’s temperature (table 1). Greenhouse gases are critical
for maintaining life because they slow the loss of energy from the
atmosphere (figs. 2 and 3). Since 1960, global temperatures have
gradually increased (fig. 3). Models predict that temperatures
could increase an additional 1.8 to 6.3 degrees F by 2100.
Figure 2. The effect of greenhouse gasses on the solar energy
that strikes the Earth

(From www.windows.ucar.edu/tour/link=/earth/Water/co2_cycle.
html&edu=high, accessed Sept. 2008)

The carbon cycle can be simplified into five reservoirs: 1)
atmosphere, 2) soil, 3) oceans, 4) vegetation, and 5) sediments
(these include fossil fuels). The movement of C from a reservoir
is in response to various chemical, physical, geological, and
biological processes (fig 1). Developing management practices
that will improve carbon sequestration potentials requires a
clear understanding of plant growth and decay characteristics
as well as the processes involved in the long-term storage
of carbon in plants and soil.

In a greenhouse, energy is trapped inside, resulting in a higher temperature.
The Earth is affected in a similar manner (left). More greenhouse gases in
Earth’s atmosphere leads to an enhanced greenhouse effect (right).
(From www.stopglobalwarming.com.au/global_warming_scientific_evidence.
html)
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The secondary footprint is the sum of indirect emissions of
greenhouse gases during the lifecycle of products. Carbon lost
from soil due to plowing a field is a secondary footprint (fig. 5).
The tillage-induced loss of 45,000 lb C/acre (1.4% decrease in
the surface 12 inches) is a secondary effect; carbon sequestration
attempts to reverse this loss.
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Figure 5. Measured and predicted changes in soil organic carbon
(SOC) of a prairie soil through the period of cultivation
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Figure 3. Global temperature departure in degrees Fahrenheit from
the long-term temperature of 57.2oF between 1880 and 2007
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(From http://data.giss.nasa.gov/gistemp/, accessed Oct. 2008)

Although generally not considered a greenhouse gas, water vapor
is very efficient at trapping heat. Spatial and temporal variation
in the amounts of water vapor contained in the atmosphere has
resulted in other greenhouse gases having a mixed effect on local
temperatures. Greenhouse gases affect local temperatures less
when atmospheric water contents are high; this is attributed to
CO2 and other greenhouse gases having a small net effect on local
temperatures when large amounts of energy are trapped by water
vapor. However, in cool, dry areas, elevated greenhouse gas levels
can profoundly affect local temperatures; higher temperatures in
these zones have resulted in the loss of many glaciers (fig. 4).
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(modified from Donnigan et al., 1998)

Carbon footprints can be reduced by adopting no-tillage,
by reducing the amount of N fertilizer applied to crops, by
including legumes in the rotation, and by substituting nuclear
power or renewable resources such as solar energy, wind power,
hydroelectricity, and biomass for fossil fuels. The carbon footprint
for a variety of activities can be calculated by using a carbon
footprint calculator (www.carbonfootprint.com/, accessed Oct.
2008) or by conducting a lifecycle analysis (www.bess.unl.edu/,
accessed Oct. 2008).

Figure 4. The shrinking glacial ice of Alaska’s Muir Glacier
Muir Glacier, Alaska

8 August 1941

2.6

The Biofuel Energy System Simulator (BESS) model has been
designed to calculate the energy efficiency, greenhouse gas (GHG)
emissions, and natural resource requirements of corn-to-ethanol
biofuel production systems. The model provides a “cradle-tograve” life-cycle analysis of biofuels and can be downloaded for
free at their website (http://www.bess.unl.edu/). The model allows
the user to set the model parameters and calculate the energy
efficiencies of their production system.

31 September 2004

The politics of carbon

15 September 1976
8 September 2003
(From www.stopglobalwarming.com.au/global_warming_current_climate_
impacts.html, accessed Oct. 2008)

The Kyoto Protocol (http://unfccc.int/resource/docs/convkp/
kpeng.pdf, accessed Nov. 2008) was negotiated by more than
160 nations in 1997. The protocol set the stage for reducing the
emissions of six major greenhouse gases. The Kyoto mechanism
allows carbon-credit trading among industrial countries. The
wisdom of this agreement can be evaluated in the terms of
probability, economics, and risk (Committee on Energy and
Commerce Staff, 2008).

Reducing carbon footprints

The carbon footprint is a measure of the amount of greenhouse
gases produced by human activity. Carbon footprints can be
separated into primary and secondary categories.
The primary footprint is the sum of direct emissions of
greenhouse gases from the burning of fossil fuels for energy
consumption and transportation. Burning diesel during plowing is
a primary input. Primary footprints can be reduced by purchasing
fuel-efficient tractors or by installing energy-efficient light bulbs
in the barn.

The protocol’s purpose is to reduce the potential risk of global
warming on people and the environment. As with all scientific
theories, there is uncertainty associated with the global-warming
hypothesis. Those auguring against implementing greenhouse gasreduction protocols often base their augment on the belief that
heating is cyclic. In the long term, history may show that they are
correct. However, the problem with this analysis is that it does not
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consider the risk of being incorrect (www.stopglobalwarming.com.
au/global_warming_scientific_evidence.html, accessed 10/08).

are considerably higher ($15 to $40/metric ton) than those of CCX
(from under $2.00 to over $7.00/metric ton) (fig. 6).

Climate models suggest that global warming can result in the
following:
• decreased global crop production
• increased flooding on the coasts
• increased severe weather events, infectious diseases, and
malnutrition
• reduced hydropower potential
• reduced water resources and increased desertification in the
western United States
• increased salinisation of groundwater in coastal areas (the result
of higher sea levels)
• coral reef bleaching (the expulsion of algae results in a white
color)
• altered global ocean currents
• increased fire hazards
• longer droughts
• melting of the North Pole
• increased insurance losses
• changes in plant distribution in the Great Plains resulting
from increased drought potential and intensified spring
floods, and higher summer temperatures (http://www.epa.gov/
climatechange/)

In the future, it is likely that the United States carbon market
will change from a voluntary to a compliance market. Federal
bills such as the Climate and Stewardship and Innovation Act of
2007 bill proposed by Sens. Joe Lieberman and John McCain may
provide the legislation needed for this conversion; this bill would
bring emissions to 2004 levels by 2012, and to 1990 levels by 2020.
In addition, President-elect Obama has proposed implementing
low-carbon fuel standards and a carbon cap-and-trade market. In
a cap-and-trade market, agriculture could be paid to sequester C
or be charged as an emitter. Both possibilities are conceivable. At
the regional level, the Regional Greenhouse Gas Initiative (www.
rggi.org) that involves Connecticut, Delaware, Maine, Maryland,
Massachusetts, New Hampshire, New Jersey, New York, Rhode
Island, and Vermont opened a cap-and-trade auction of CO2
allowances. Similar plans are being discussed by organizers of the
Western Climate Initiative (www.westernclimateinitiative.org).
Figure 6. Market price ($/metric ton) for voluntary carbon credits
sold on the Chicago Climate Exchange (CCX) from 2004 to 2008.

Selling Price ($/mt)

8

The decision to implement a greenhouse gas reduction strategy
must weigh the above risks against the cost of implementing a
program. Many people believe that given the serious potential
consequences of global warming, the economic and environmental
risks associated with inaction are unacceptable, while others
believe implementing a climate change program is too expensive
(Committee on Energy Commerce Staff, 2008).
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On the CCX, offset credits are sold at the rate of $/mt. One mt (1000 kg) is
equivalent to 1.05 tons.
(From www.theccx.com, accessed Oct. 2008)

A cap-and-trade market consists of buyers and sellers. The
cap represents the maximum amount of pollutants that can be
released. Individuals or organizations are given unique and specific
cap amounts. If an entity wants to release more than its specified
amount, it must purchase the right from a seller who is releasing
less than the allocated amount. This purchase is done via carbon
credits (“offsets”) through the carbon market.

Standards for carbon credits

Currently, standards for carbon credits are under development.
Carbon credits that meet specific criteria have been traded through
the voluntary CCX market. In this market, offset credits for
agricultural activities are generated if no-tillage or strip-tillage is
used, the land is enrolled through a CCX-registered offset aggregator,
and independent validation is conducted. Additional details about
CCX requirements are available at http://www.chicagoclimatex.
com/docs/offsets/Conservation_Tillage_Protocol.pdf
(accessed
Oct. 2008).

Entities can legally reduce their offset emissions by altering
their operation or by purchasing offset credits. If purchasing offset
credits costs less than altering an operation, it makes economic
sense to purchase the credits. These credits can be purchased from
farmers and ranchers if credits produced through their activity are
approved for trading. Many markets believe that soil C offset credits,
produced through improved management, are too unpredictable
to be included in a cap-and-trade system.

The location and management at the site influence the rate that
voluntary carbon offset credits are generated. For cropped systems
in Bon Homme, Brookings, Clark, Clay, Codington, Day, Deuel,
Grant, Hamlin, Hanson, Hutchinson, Kingsbury, Lake, Lincoln,
Marshall, McCook, Minnehaha, Moody, Roberts, Turner, Union,
and Yankton counties, offset credits accrue at the rate of 0.6 metric
ton of CO2 /(acre · year). In the rest of South Dakota, offset credits
are generated at a rate of 0.4 metric tons of CO2 metric tons/acre
· year. Rangelands have slightly lower carbon offset credits (fig. 7;
table 2). In addition to location, rangelands are also characterized
into non-degraded and degraded systems.

Carbon markets can be split into compliance and voluntary
markets. Compliance markets are the direct consequence of the
Kyoto Protocol. The United States has not ratified the Kyoto Protocol
and therefore does not have legally binding greenhouse gas targets.
In the past, the two most important carbon-trading programs have
been the European Union Emission Trading Scheme (EU ETS)
(www.europeanclimateexchange.com, accessed Oct. 2008) and
the Chicago Climate Exchange (CCX) (www.theccx.com, accessed
Oct. 2008). The EU ETS and CCX are based on the compliance and
voluntary markets, respectively. Prices within the European market
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Figure 7. Carbon sequestration rates in the United States

compliance cap-and-trade markets. Currently, credits are being
sold through a voluntary market. The value on the CCX volunteer
market has ranged from less than $2 per metric ton to over $7 per
metric ton. During this same time, the value has been much greater
on the EU ETS compliance market. If a federal cap-and-trade
market is implemented, it is likely that the value of the credits will
increase substantially. However, the standards are likely to change.
Given current CCX standards and if carbon credits were selling
at $20/metric ton, a 160-acre no-till field located in eastern South
Dakota could return $1,920 annually.
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